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ABSTRACT
Objective To produce consensus-based scoring systems
for ultrasound (US) tenosynovitis and to assess the
intraobserver and interobserver reliability of these scoring
systems in rheumatoid arthritis (RA).
Methods We undertook a Delphi process on US-defined
tenosynovitis and US scoring system of tenosynovitis in
RA among 35 rheumatologists, experts in musculoskeletal
US (MSUS), from 16 countries. Then, we assessed the
intraobserver and interobserver reliability of US in scoring
tenosynovitis on B-mode and with a power Doppler (PD)
technique. Ten patients with RA with symptoms in the
hands or feet were recruited. Ten rheumatologists expert
in MSUS blindly, independently and consecutively scored
for tenosynovitis in B-mode and PD mode three wrist
extensor compartments, two finger flexor tendons and
two ankle tendons of each patient in two rounds in a
blinded fashion. Intraobserver reliability was assessed by
Cohen’s κ. Interobserver reliability was assessed by
Light’s κ. Weighted κ coefficients with absolute weighting
were computed for B-mode and PD signal.
Results Four-grade semiquantitative scoring systems were
agreed upon for scoring tenosynovitis in B-mode and for
scoring pathological peritendinous Doppler signal within the
synovial sheath. The intraobserver reliability for tenosynovitis
scoring on B-mode and PD mode was good (κ value 0.72
for B-mode; κ value 0.78 for PD mode). Interobserver
reliability assessment showed good κ values for PD
tenosynovitis scoring (first round, 0.64; second round, 0.65)
and moderate κ values for B-mode tenosynovitis scoring
(first round, 0.47; second round, 0.45).
Conclusions US appears to be a reproducible tool for
evaluating and monitoring tenosynovitis in RA.
INTRODUCTION
Rheumatoid arthritis (RA) is a chronic inflamma-
tory disease characterised by intra-articular and
periarticular synovial inflammation (ie, synovial
proliferation and angiogenesis).1–3 Intra-articular
synovitis can damage the cartilage, bones, capsule
and ligaments,1 and tenosynovitis can produce
tendon adhesion and rupture with consequent
severe joint function impairment.4
Accurate assessment of inflammation in RA is
essential in rheumatological practice to reach thera-
peutic decisions and to evaluate the response to
treatment. Within the past decade, technological
improvements in ultrasound (US) image resolution
of musculoskeletal structures have led to an
increasingly important role for this imaging modal-
ity in the evaluation and monitoring of patients
with RA and other inflammatory arthritides, based
mainly on its greater ability compared with clinical
examination to detect synovitis and tenosyno-
vitis.5–7 In addition, colour Doppler and power
Doppler (PD) techniques can detect synovial blood
flow, which is an indirect sign of inflammatory
activity.8–11 US is a routinely available, non-
invasive, relatively inexpensive bedside technique,
that can be repeated as many times as required at
the time of consultation as it is characterised by
high patient acceptability.
Despite the increasing implementation of US in
clinical management of patients with RA, this
imaging modality is still regarded as too dependent
on the examiner to be incorporated into clinical
trials. This is mainly because its accuracy depends
on both acquisition and interpretation of US
images. Since 2004 the Outcome Measures in
Rheumatology in Clinical Trials (OMERACT)
Ultrasound Task Force, an international collabora-
tive group of musculoskeletal US (MSUS) experts,
have examined the metric qualities of MSUS in RA
and other inflammatory arthritides, according to
criteria specified by the OMERACT filter.12 Since
then, the group effort has focused on assessing the
reliability of MSUS for detecting and scoring
inflammatory findings in RA. In 2005, the above
group proposed preliminary definitions for inflam-
matory diseases,13 including bone erosion, synovial
fluid, synovial hypertrophy, enthesopathy and
tenosynovitis. Over the past 6 years the group has
developed a standardised scoring system for syno-
vitis in RA which combines B-mode and PD on a
0–3 scale; this has demonstrated intraobserver and
interobserver reliability and is applicable to all
joints and consistent between US machines.14
Now the group work is focusing, among other
activities, on the metric properties of MSUS for
evaluating tendon inflammation and tendon
damage in RA,14 planning first to generate a reli-
able scoring system for tenosynovitis components.
In a previous study15 we tested the intraobserver
and interobserver reliability of US for detecting
B-mode tenosynovitis and tenosynovial PD signal
according to the preliminary OMERACT definition.3
Intraob-server reliability was moderate to good.
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Interobserver reliability showed high substantial agreement but
only fair κ results, partially owing to the low prevalence of teno-
synovitis in the studied population.
The purposes of this study were the following: (1) to reach
consensus on elementary lesions and definition of tenosynovitis
in RA; (2) to generate agreed scoring systems for tenosynovitis
on B-mode US and with PD US in RA; (3) to test the intraob-
server and interobserver reliability of the developed scoring
systems in patients with RA among rheumatologists expert in
MSUS.
METHODS
Study design
This study comprised two sections: (1) consensus on the US
definition of tenosynovitis and the US scoring system of teno-
synovitis; (2) patient-based exercise to assess the reliability of
US in scoring tenosynovitis.
Consensus process
This part of the study consisted of three phases: (1) a Delphi
consensus process on US-defined tenosynovitis and US scoring
system of tenosynovitis among experts in MSUS; (2) collection
of US images of tendons representative of the tenosynovitis
scores, agreed in the previous phase by the experts in MSUS,
from patients with RA seen in their daily practice; (3) consen-
sus on the assigned scores of the collected images of tendons
that were shown during a meeting of experts before the reliabil-
ity exercise on patients with RA.
Delphi process
We undertook a two-round Delphi consensus process through
two consecutive written questionnaires sent by email to 35
rheumatologists, experts in MSUS, from 16 countries (ie,
Australia, Denmark, Finland, France, Germany, Hungary,
Ireland, Italy, Japan, Mexico, Netherlands, Norway, Spain,
Turkey, UK and USA). They were selected because of their
declared interest in participating in the OMERACT US task
force on tenosynovitis.
The first questionnaire included 30 statements divided into
three sections on the following topics: (1) US-defined normal
tendons and related anatomical structures; (2) US-defined elem-
entary lesions of tenosynovitis on B-mode and Doppler mode
and definition of tenosynovitis and (3) US scoring systems for
tenosynovitis on B-mode and Doppler mode.
The participants were asked to rate their level of agreement
or disagreement with each statement according to a 1–5 Likert
scale (1=strongly disagree; 5=strongly agree). Space for add-
itional free comments was also included at the end of each
statement. The participants were asked to respond within
1 month; after 2 weeks email reminders were sent to
non-responders.
The second questionnaire included 14 statements divided
into the above three sections. The second questionnaire and the
results from the first questionnaire were sent by email to the
respondents of the first questionnaire. The content of the
second questionnaire consisted of several statements not previ-
ously agreed and some new statements generated from the
comments supplied in the first questionnaire. Again, the parti-
cipants were asked to rate their level of agreement or disagree-
ment for each statement according to a 1–5 Likert scale
(1=strongly disagree; 5=strongly agree). They were asked to
respond within 1 month and after 2 weeks email reminders
were also sent to the non-responders. The results from the
second questionnaire were sent to the respondents of both
questionnaires.
Group agreement was considered if ≥75% of responders
scored an item as either 4 or 5.
Collection of US images representative of the agreed scoring
system for tenosynovitis
The respondents to both questionnaires were asked to collect
US images of tendons in patients with RA that represented the
tenosynovitis scores agreed in the Delphi process from their
daily practice within 2 months. Each expert was asked to
collect at least one US image in both transverse and longitu-
dinal planes, representative of each B-mode and each Doppler
grade of tenosynovitis. The images were sent by email to the
investigator who coordinated the study (EN).
Consensus meeting
A meeting of the experts who participated in the reliability
exercise was held the day before the actual exercise. During this
meeting the above collected images were shown and the
assigned scores were either agreed immediately or after discus-
sion by the group. The final consensus on the tenosynovitis
scoring system reached at this meeting was used in the reliabil-
ity exercise on patients with RA the next day.
US reliability assessment
The second part of the study consisted of a reliability exercise
on patients with RA carried out over 2 days in Madrid, Spain.
The exercise lasted for 16 h divided into four sessions, a 4 h
morning session and a 4 h afternoon session each day. This
exercise included intraobserver and interobserver reliability
assessment of US in scoring tenosynovitis on B-mode and with
the PD technique.
Patients
Ten patients with RA according to the American College of
Rheumatology 1987 criteria16 with moderate or severe disease
activity (ie, 28-joint count Disease Activity Score (DAS)
28>3.2) and symptoms in their hands or feet were recruited
for the US reliability assessment (five patients for each day of
the reliability exercise) from the outpatient rheumatology clinic
(Hospital Universitario Severo Ochoa). The following data were
recorded for each patient at study entry: demographics, RA
characteristics, RA treatment and DAS28.
Each patient was randomly assigned to a scanner where they
remained during both the morning and afternoon sessions. The
more symptomatic hand and foot of each patient were selected
for the US investigation.
The study was conducted in accordance with the Declaration
of Helsinki and was approved by the local ethics committee of
Hospital Universitario Severo Ochoa. Written informed consent
was obtained from all patients before the study.
Ultrasonographers
The investigators comprised 10 rheumatologists with more
than 10 years of experience in MSUS who had participated in
the full consensus process.
Tendon assessed
In accordance with our previous study,15 we selected the fol-
lowing hand/wrist and foot/ankle tendons with synovial
sheath: wrist extensor compartment 2 (ie, extensor carpi radia-
lis brevis and longus), 4 (ie, extensor digitorum communis and
extensor indices propius) and 6 (ie, extensor carpi ulnaris),
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finger flexor digitorum superficialis and profundus tendons 3
and 4 at the metacarpophalangeal level, tibialis posterior
tendon and peroneal tendons (ie, peroneus longus and brevis).
Flexor digitorum superficialis and profundus at the wrist were
not selected because of the frequent variability in level of differ-
entiation into distinct tendon slips and consequent anisotropy.
Flexor pollicis longus, flexor carpi radialis and extensor com-
partment 1 were excluded owing to the proximity of the radial
artery which can produce Doppler artefacts. Finger flexors 1, 2
and 5 were excluded owing to the almost constant presence of
sesamoid bones that makes US evaluation of tenosynovitis dif-
ficult. The metacarpophalangeal level was selected for evaluat-
ing finger flexor tendons to avoid confusing pathological with
normal distal tenosynovial vascularisation.
US examination
The US investigation was carried out using five commercially
available real-time scanners (ie, two Mylab 70 X Vision, two
Mylab 60 and one Mylab class C; Esaote, Genoa, Italy) equipped
with multifrequency linear transducers (6–18 or 4–13 MHz).
The B-mode and PD settings of each type of US machine were
optimised for maximal image resolution and sensitivity to
detect flow, respectively, in superficial anatomical areas by an
application specialist before the reliability exercise. The ultraso-
nographers were not allowed to change these settings during the
reliability exercise except for the position of the foci according to
the depth of the scanned structure.
The 10 ultrasonographers blindly, independently and con-
secutively performed a longitudinal and transverse B-mode and
PD US examination of the synovial sheath covered area of the
selected tendons at the established locations in one hand and
one foot of each patient in two rounds (ie, morning and after-
noon) in a blinded fashion. The scanning technique had been
previously standardised.17 The selected tendons were scored for
tenosynovitis on B-mode and PD mode according to the
scoring systems agreed at the consensus meeting. During the
morning and afternoon sessions the ultrasonographers were
assigned to the US machines in a different order. They were
unaware of the clinical details. Each ultrasonographer was
given a maximum of 15 min to scan each patient and fill in a
standardised report sheet with the US findings. Each examiner
was informed of the selected anatomical region (right/left). An
application specialist from the US company was near each
machine to solve technical adjustment problems. A statistician
( JG) was present to collect the filled score sheets after each US
examination.
Statistical analysis
Statistical analysis was performed using SPSS V.15.0 (SPSS,
Chicago, Illinois, USA). Simple summary statistics were calcu-
lated from the responses to the Delphi questionnaires. The
results from the Delphi process were presented as the percentage
of responders who scored a statement as either 4 or 5.
Quantitative variables (ie, patient characteristics, prevalence of
detected US abnormalities) were presented as the mean and
range or as percentages.
Intraobserver reliability was assessed by Cohen’s κ.
Interobserver reliability was assessed by Light’s κ (mean κ for
all pairs of observations). Weighted κ coefficients with absolute
weighting were computed for B-mode and PD signals.
κ Values of 0–0.20 were considered poor, >0.20–0.40 fair,
>0.40–0.60 moderate, >0.60–0.80 good and >0.80–1 excellent.18
RESULTS
Delphi process
The response rate was 80% (28/35) from the first questionnaire
and 100% (28/28) from the second questionnaire. There was
group agreement after the two rounds about the following
statements from the three sections:
1. US-defined normal tendons and related anatomical structures.
1.1. Definition of normal tendon structure. Hyperechoic
(relative to subdermal fat) fibrillar pattern (ie, hyper-
echoic parallel lines in longitudinal planes and hyper-
echoic dots in transverse planes) (agreement 100%).
1.2. Definition of normal tendon synovial sheath. A thin
regular hypoechoic (relative to tendon fibres) halo sur-
rounding/thin regular hypoechoic lines above and below
the tendon structure in transverse/longitudinal plane
respectively at anatomical sites where synovial sheaths
are known to exist and which can be distinguished
from pulleys and retinaculae (agreement 85.7%).
1.3. Definition of normal retinaculae (wrist and ankle
level) and pulleys (finger flexor level). Focal hypoe-
choic (relative to tendon fibres) thickening of the peri-
tendinous tendon sheath with fibrillar pattern in the
area located perpendicular to the probe, at its expected
normal anatomical location (agreement 88.9%).
2. US-defined elementary lesions of tenosynovitis on B-mode
and Doppler mode and definition of tenosynovitis.
2.1. Tenosynovitis can be defined on B-mode as abnor-
mal anechoic and/or hypoechoic (relative to tendon
fibres) tendon sheath widening which can be
related to both the presence of tenosynovial abnor-
mal fluid and/or hypertrophy (agreement 96.4%).
2.2. Definition of tendon sheath effusion can be as follows:
presence of abnormal anechoic or hypoechoic (relative
to tendon fibres) material within the synovial sheath,
either localised (eg, in the synovial sheath cul-de-sacs)
or surrounding the tendon that is displaceable and
seen in two perpendicular planes (agreement 89.3%).
2.3. Definition of tenosynovial hypertrophy can be as
follows: presence of abnormal hypoechoic (relative
to tendon fibres) tissue within the synovial sheath
that is not displaceable and poorly compressible and
seen in two perpendicular planes (agreement 89.3%).
2.4. Tenosynovitis can be characterised on Doppler mode
by the presence of peritendinous Doppler signal
within the synovial sheath, seen in two perpendicu-
lar planes, excluding normal feeding vessels (ie,
vessels at the mesotenon or vinculae or vessels enter-
ing the synovial sheath from surrounding tissues)
only if the tendon shows peritendinous synovial
sheath widening on B-mode (agreement 78.6%).
3. US scoring system for tenosynovitis on B-mode and
Doppler mode.
3.1. The grade of tenosynovitis should be assessed in both
longitudinal and transverse planes (agreement 82.1%).
3.2. A four-grade semiquantitative scoring system (ie,
grade 0, normal; grade 1, minimal; grade 2, moder-
ate; grade 3, severe) can be used to score tenosyno-
vitis on B-mode (agreement 85.7%).
3.3. A four-grade semiquantitative scoring system (ie,
grade 0, no Doppler signal; grade 1, minimal; grade
2, moderate; grade 3, severe) can be used to score
pathological peritendinous Doppler signal within
the synovial sheath (agreement 96.3%).
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There was no group agreement about including an abnormal
intratendinous Doppler signal in the elementary lesions of teno-
synovitis because it could correspond to intratendinous tenosy-
novial angiogenesis (ie, invasive tenosynovium), vasodilatation
of intratendinous feeding vessels or hypervascularisation in areas
of tendon repair. However, 60.7% of the participants agreed that
an abnormal intratendinous Doppler signal can be considered as
elementary lesions of tenosynovitis if the tendon also shows an
abnormal peritendinous Doppler signal within the synovial
sheath. Nor was there group agreement on how to score an
intratendinous Doppler signal, although 71.4% of the partici-
pants agreed that an abnormal peritendinous and intratendinous
Doppler signal could be scored together on a four-grade semi-
quantitative scoring system. There was no group agreement
about those B-mode and Doppler scoring systems based on the
measurement of tenosynovial thickness on B-mode and the per-
centage of tenosynovial widening showing a Doppler signal.
Collection of US images of tendons and consensus meeting
Nineteen of 28 (68%) experts collected and sent the requested
US images. During the meeting it was noted that a patho-
logical intratendinous Doppler signal was taken into consider-
ation in scoring tenosynovitis on Doppler mode by most
experts. Based on this and the Doppler scores assigned by the
experts, a scoring system for tenosynovitis on Doppler mode
was proposed and agreed as follows: grade 0, no signal; grade 1,
peritendinous focal signal within the widened synovial sheath
(ie, signals in only one area of the widened sheath), seen in
two perpendicular planes, excluding normal feeding vessels;
grade 2, peritendinous multifocal signal within the widened
synovial sheath (ie, signals in more than one area of the
widened sheath), seen in two perpendicular planes, excluding
normal feeding vessels; grade 3, peritendinous diffuse signal
within the widened synovial sheath (ie, signals filling most of
the widened sheath), seen in two perpendicular planes, exclud-
ing normal feeding vessels. If in addition to an abnormal peri-
tendinous (ie, intra-sheath) signal there was an abnormal
intratendinous signal seen in two perpendicular planes (ie,
excluding intratendinous small isolated signals that can corres-
pond to normal feeding vessels detectable by US), then grades
1 and 2 would be increased by one point.
Illustrative images of the B-mode and PD scores of tenosyno-
vitis are shown in figures 1A–D and 2A–D, respectively.
US reliability assessment
Patient characteristics
Patients comprised eight women and two men with mean age
58.1 (35–69) years and mean disease duration 10.1 (3–18) years.
Rheumatoid factor and anti-cyclic citrullinated protein anti-
bodies were positive in eight patients. Six patients had radio-
logical erosions. Mean (range) DAS28 was 4.5 (3.3–5.5). All
patients were receiving synthetic disease-modifying antirheu-
matic drugs (DMARDs), alone (five patients) or in combination
with biological DMARDs (three patients).
Figure 1 Ultrasound score of tenosynovitis in B-mode in transverse (left) and longitudinal (right) scan. (A) Grade 0 (finger flexors); (B) grade 1
(finger flexor); (C) grade 2 (finger flexor); (D) grade 3 (finger flexor).
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Prevalence of US abnormalities
Considering the two rounds, the mean prevalence of
US-detected tenosynovitis on B-mode was 43% of tendons.
The distribution of the assigned scores was as follows: grade 1
in 29% of tendons, grade 2 in 10% and grade 3 in 4%. In 45%
of B-mode tenosynovitis an abnormal PD signal was detected
and the distribution of scores was 15% of tendons for grade 1,
18% for grade 2 and 12% for grade 3.
Intraobserver reliability
The κ values and CI for the intraobserver concordance are
shown in table 1. Both B-mode and Doppler scores showed
good intraobserver reliability.
Interobserver reliability
Table 2 displays the κ values and CI for the interobserver con-
cordance in the two US rounds. For the PD score the interob-
server reliability was good, although for B-mode tenosynovitis
it was only moderate.
DISCUSSION
The pronounced clinical and prognostic relevance of the
involvement of tendons in RA makes their early and accurate
assessment of utmost importance for therapeutic decisions that
can prevent irreversible structural damage. The high image
resolution and Doppler sensitivity offered by US technology
within the past decade make this imaging modality a poten-
tially powerful tool for evaluating superficial tendons, particu-
larly those of the hands and feet which are target anatomical
areas for inflammation and damage in RA.
Although there are no published studies on the concurrent
validity of US versus a reference method such as surgical find-
ings or histology for assessing tenosynovitis, a high specificity
of US as compared with MRI in detection of hand and foot
tenosynovitis has been proved in some studies.19 20 US-detected
tenosynovitis evaluated by both B-mode and PD US has
demonstrated sensitivity to change in patients with RA who
had begun treatment with a biological agent.21 Tenosynovitis
(ie, extensor carpi ulnaris) has shown predictive value in rela-
tion to radiological and MRI progression of bone damage in
RA.22 The reproducibility between two ultrasonographers of
US acquisition and interpretation of inflammatory tendon
lesions has been reported in some single-centre studies.20 23 24
Despite the promising results above, the paucity of reported
data on the metric properties of ultrasound assessment of
Figure 2 Ultrasound score of tenosynovitis in power Doppler mode in transverse (left) and longitudinal (right) scan. (A) Grade 0 (extensor carpi
ulnaris); (B) grade 1 (extensor carpi radialis longus and brevis); (C) grade 2 (extensor carpi ulnaris); (D) grade 3 (extensor carpi ulnaris).
Table 1 Intraobserver reliability results
US abnormality Weighted κ coefficients (mean) 95% CI
B-mode tenosynovitis 0.72 0.66 to 0.78
PD signal 0.78 0.72 to 0.84
PD, power Doppler; US, ultrasound.
Table 2 Interobserver concordance in the two US rounds
US abnormality Weighted κ coefficients 95% CI
B-mode tenosynovitis, round 1 0.47 0.43 to 0.50
B-mode tenosynovitis, round 2 0.45 0.41 to 0.48
PD signal, round 1 0.64 0.61 to 0.67
PD signal, round 2 0.65 0.62 to 0.68
PD, power Doppler; US, ultrasound.
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tendons in RA and other chronic arthritides suggests that these
properties require attention.25 This has led the MSUS
OMERACT group to start research into the metric properties
of US in assessment of tenosynovitis and tendon damage in
RA.14 This project has started with standardisation of the
tendon scanning technique, consensus on elementary lesions,
definition and scoring system of tenosynovitis and assessment
of US reliability in detecting and scoring tenosynovitis in RA.
To the best of our knowledge, this is the first study that has
assessed the multi-examiner reproducibility of US in scoring
tenosynovitis after a consensus process among international
experts. In addition, we have proposed a new scoring system
for the Doppler component of tenosynovitis. This scoring
system is based on the extension of Doppler signals within the
widened synovial sheath excluding those in characteristic loca-
tions of feeding blood supply. In addition, confluent intratendi-
nous Doppler signals which are not detectable by US in normal
tendons were also included in the scoring system.
Some previous studies on inflammatory tenosynovitis have
used semiquantitative US scoring for B-mode21 26–34 and/or
Doppler mode.21 27–32 34 35 These scores were purely subjective
or based on the measurement of tenosynovial thickness on
B-mode and percentage of tenosynovial widening showing PD
or colour Doppler flow. Of particular note is the great hetero-
geneity of the morphology of US tenosynovitis in B-mode
images due to anatomical details of each tendon/group of
tendons, and also in RA depending on the integrity of retinacu-
lae and pulleys.36 Consequently, the distribution of tenosyno-
vial effusion and tenosynovial proliferation and its pathological
vascularisation is highly variable throughout the area of the
tendon covered by the synovial sheath. This probably led the
majority of the expert panel to agree on subjective scores for
tenosynovitis in both B-mode and Doppler made owing to the
difficulty in standardising quantitative scoring systems based
on measures of tenosynovial diameters or number of Doppler
signals in relation to the tenosynovial area. Despite the qualita-
tive nature of our scoring systems, we obtained good intraob-
server reliability for both B-mode and Doppler tenosynovitis
scoring, and acceptable (ie, B-mode tenosynovitis) to good (ie,
Doppler tenosynovitis) multi-examiner reliability. The wide
experience in MSUS of the ultrasonographers, together with a
standardised scanning technique, possibly contributed to the
good results. The interobserver reliability for B-mode tenosyno-
vitis showed poorer results than Doppler reliability, probably
because of the extreme subjectivity of the scoring system used.
However, we can speculate that the Doppler component of
tenosynovitis is probably more important than the B-mode
component in assessing inflammatory activity and predicting
damage, as has been shown for intra-articular synovitis.31 37–39
Some limitations in our study should be noted. We tested
the US reliability in a small group of patients with active RA.
Unfortunately, this type of international meeting for real-time
scanning of patients is not feasible beyond a few days. In add-
ition, we did not use MRI or any other comparator for our US
findings. However, this study was not a validation study but a
reliability study as a first step in implementing US for the
assessment and monitoring of tenosynovitis in clinical practice
and trials.
In conclusion, our results seem to be sufficiently promising to
support the reproducibility of US in scoring tenosynovitis in RA,
especially for Doppler assessment of tendon inflammatory activ-
ity. Further studies should confirm our results in other RA popula-
tions and evaluate other metric properties of US in tenosynovitis
assessment in RA and other inflammatory joint diseases.
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